
THE CONTROL OF MANUAL ENTRY ACCURACY 
IN MANAGEMENT/ENGINEERING INFORMATION SYSTEMS 

Final Technical Report (Phase I )  Prepared For 

The National Aeronautics and Space fidministration 
George C. Marshall Space Flight Center 

Marshall Space Flight Center, Alabama 35812 
under Contract i40. i.iFiSij-3731 1 .. 

Authors 

Daniel Hays 
Henry Nocke 
Harold Wilson 
John Woo, Jr. 
June Woo 

(&ASA-CB-l79171) T f i E  C C N f l i O L  C E  HAIJUAL d87-25370 EETRY ACCURACY IY ~ A Y A ~ E W E h l / k L G ~ Y E E R I I C  
I Y C O B B A T X C N  SYSIIEIS, € B A S E  1 Final Technical 

BeFort (Gasaa besearch) 6E F ava i l :  " I I S  Unclas 
EC AFLOI)/U€ A C l  CSCL 05B G3/82 C9978C7 

'J 
and President 

GRI-TR-87-11 
August 28.1987 

904 Bob Wallace Ave. 
Suite 124 
Huntsville, AL 35801 
(205) 533-7103 

GAMMA RESEARCH, INC- 



I L 

TABLE OF CONTENTS 

Phase  I P r o j e c t  Summary . . . . . . . . . . . . .  
Resu l t s  of t h e  Phase  I Work (Final  Report )  . . . .  

A . I n t r o d u c t i o n  . . . . . . . . . . . . . . . .  
E . Experimental P l a n  . . . . . . . . . . . . . .  
C . Computer Program Development . . . . . . . .  
D . Experimentai R e s u i t s  . . . . . . . . . . . .  
E . Statist ical  E v a l u a t i o n  . . . . . . . . . . .  
F . H u m a n  Error Model . . . . . . . . . . . . . .  
6 . C o n c l u s i o n s  . . . . . . . . . . . . . . . . .  
H . R e f e r e n c e s  . . . . . . . . . . . . . . . . .  

i 

A- 1 
A- 1 
B- 1 
c- 1 
E-1 
E- 1 
F- 1 
G- 1 
H- 1 



1 

ATTACHMENT B 
N.,TION I, AERONAUTICS AND SPACE A MINISTRATION 

PHASE I SUMMARY 

TO BE COMPLETED BY OFFEROR 

SBIR 86-1 
PROPOSAL NUMBER 
07 06 7103 

NAME AND OF OFFEROR GAMMA Research, Inc. 
904 Bob Wallace Avenue, Su i t e  124 
Huntsvil le,  AL 35801 
(205) 533-7103 

PRINCIPAL INVESTIGATOR 
John Woo, Jr. 

OF Control of Manual Entry Accuracy i n  Management/ 
Engineering Systems 

' 

TECHNICAL ABSTRACT (LIMIT 200 WORDS; INCL. STATEMENT ON PHASE I RESULTS) 
A growing n a t i o n a l  need e x i s t s  f o r  the development of a computer work 
s t a t i o n  technology which is i n t e r a c t i v e  and assists t h e  user  i n  con t ro l l i ng  
the  accuracy of manual da ta  e n t r y  t a sks  during da ta  base prepara t iQn and 
during communication over l o c a l  area networks. Such a technology would 
a f f e c t  increas ing  numbers of NASA employees a t  a l l  l e v e l s  as computer 
terminals become widely used i n  management, engineering, and accounting 
f o r  decision-making, p r o j e c t  and program control, and intra-agency communi- 
ca t ions .  Data flow i n  networks produced by manual da t a  en t ry  a t  cont ro l led  
l e v e l s  of accuracy would impact t he  management and technica l  performance of 
p r o j e c t s  and programs and would have a favorable impact on productivity.  

The Phase I research e f f o r t  successfully demonstrated t h a t  clerical 
personnel can be t e s t e d  f o r  proofreading performance under simulated 
i n d u s t r i a l  conditions.  A s ta t is t ical  study showed t h a t  e r r o r s  i n  proof- 
reading follow an extreme va lue  probabili ty theory. The study showed 
t h a t  innovative man/machine i n t e r f a c e s  can be developed t o  improve and 
con t ro l  accuracy during da ta  entry.  
POTENTIAL COMMERCIAL APPLICATION OF INNOVATION AND THIS PROJECT 
This research  is  d i r ec t ed  a t  improving the methods and equipment used i n  
manual d a t a  en t ry  i n t o  computer da t a  bases so t h a t  accuracy and speed are 
increased. 
commercially with the  increasing a v a i l a b i l i t y  of computers and the  t rend  
toward development of d i s t r i b u t e d  networks where da t a  e n t r y  is performed 
by end u s e r s  who may not be highly sk i l l ed  i n  keyboard operations.  

Such methods and equipment would have un ive r sa l  app l i ca t ion  

FOR NASA USE ONLY -- 
AWARD NUMBER 



Section A 

INTRODUCTION 

This F i n a l  Report p resents  Gamma Research's descr ip t ion  of the  Phase I 
research e f f o r t  t o  meet t h e  s p e c i f i c  technical ob jec t ives  of t h i s  cont rac t .  

The Phase I Technical Objectives have been completely f u l f i l l e d  by Gamma 

The research has  shown t h a t  the VODEM experiments with clerical 
Research. 
completed. 
personnel can provide a s i g n i f i c a n t  improvement i n  speed and accuracy over 
conventional proofreading i n  industry and commerce. 
laid for the Phase I1 development of the  hardware and software means (VODEM 
Technology) t o  con t ro l  t he  accuracy of manual d a t a  en t ry  tasks. 

A l l  l ine i t e m s  proposed i n  the  Phase I Work Plan were successfu l ly  

The foundation has  been 

A.l Benefits  t o  NASA 

Manual d a t a  en t ry  is a necessary p a r t  of any l a r g e  e n t e r p r i s e  engaged i n  
business and t echn ica l  analyses,  The benef i t s  t o  NASA would be increased accuracy 
and con t ro l  of da t a  over the  whole spectrum of operations,  including f i n a n c i a l ,  
payro l l ,  con t r ac t s ,  engineering ana lys i s ,  and the  extensive documentation requi red  
i n  many of these  areas. The development of such t o o l s  would be timely, considering 
t h e  t rends  away from a cent ra l ized  d a t a  processing f a c i l i t y  and the  growth of end 
user  terminals. 

A.l.l Application t o  the  Space S t a t i o n  

The development of t he  VODEM Technology would add another dimension t o  NASA's 
i n t e r e s t  i n  con t ro l l i ng  q u a l i t y  i n  a l l  aspects of operations. 
(GRI) has  i d e n t i f i e d  important appl ica t ions  of the  VODEM Technology t o  NASA's mission 
of development of the  Space Station: 

Gamma Research, Inc.  

1). For con t ro l  of da t a  en t ry  accuracy among ground c o n t r o l l e r s  a t  
consoles while they are going through several cyc les  of proof- 
reading, 

2) .  For evaluation of astronauts f o r  da t a  en t ry  accuracy while i n  o r b i t .  

A- 1 
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SECTION B 

Ekperirnental Plan 

The design for data gathering attempted to provide some of the realism of a 
work setting wNe maintaining control of experimental materials and conditions. A 
problem with many psychological studies of text correction has been the short 
period of time - often around half an hour - that the participants corrected textual 
errors. Field studies of text have typically, by contrast, involved real situations 
and long periods of time, but have had little control over condjtions or wen kinds 
of text presented in some instances. 

L l ~ a 4 - a  a..h ;AI+- . . e  AWL 4-w #<;.-A LaW-4s.r cac-irmc c a n m s A  +A halanra rarlicm A A ~ V A A ~ S  ruusb'u W U I P  A W A  I A V Z  A I ~ U  uay - v a a v a a e  -=aaa=u IY Y Y ~ Y . ~ Y =  b W " * Y I . .  

against fatigue. I t  was also a practical length of time in most cases to arrange for 
'borrowed' personnel who were used in Study A along with paid participants. 

A minimal set of experimental conditions for Phase I investigation had to include 
the following: 

the Vodem versus sideto-side (33) presentation, 

words (high meaning units) versus serial numbers (low-association 
material), 

0 3 to 5 levels of density of embedded textual errors, 

all suitably controlled for distribution of errors, error type, external conditions, and 
so on. 

This 2 x 2 x 5 or 2 x 2 x 5 design includes 12 or 20 experimental condition cells, 
respectively. One participant working five half-days can fill only a small 
percentage of these. Taking another design approach, that of replicating the matrix 
using many subjects, would have been prohibitive. The solution taken was to have 
basically a "subject-as-own-control- design, but to assign the limited number of 
participants over treatments so as to balance sequence effects, and to have enough 
within-subject comparisons for meaningful results. 

I t  is important to note that this design strategy is biased toward comparisons of 
a given person's performance under one condition of testing with his or her o w n  
performance under other conditions. We do present grouped data from Study A for 
varying sets of subjects assigned to given conditions, but doing so is based on 
indications of the comparability of these participants, and should be interpreted 
carefully. 

Study B, a leaner and more balanced design, was constructed to make essential 
comparisons on either a group or within-individual basis. I t  is described below. 

B.1 Design of the T w o  Studies 

Study A was the more comprehensive of the two studies in terms of number of 
values of variables included. Its design is outlined in Figure B.1. One module of 
three participants allows comparisons for two or three values of error density for 
STS and Vodem presentation, for Random Words. A parallel module of three 
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Words and Numbers 

Day 
1 
2 
3 

E F 
Words - MID - STS Words - MID - VOD 
Serial - MID - STS Words - HI - STS 
Serial - MID - VOD Words - HI - VOD 

4 Words - MID - VOD I Words - LO - VOD 

A l l  Five Error Densities - Morning and afternoon sessions for five 
dqts, with ernbeddederror densities L l  (LO), L2, L3 (MID), L4, andL5 
(HI). Subject 6 Random Words. Subject H Serial Numbers. 

Figure B. 1 - Design for Study A 

participants allows such comparisons for Serial Numbers. A two participant 
module allows comparisons between Random Words and Serial Numbers, with an 
error density comparison for one or the other type of stimulus. A last module, for 
temporary hires working for ten sessions rather than the usual five, allows STS 
and Random Words to be compared at five levels of embedded error density, the 
HI, MID, and LO of the rest of the design, and two intermediate levels, L2 and L4. 

I Participants for this study were primarily recruited from cooperating agencies 
and corporations. with two from one agency, two each from two private sector 
organizations that had relationships with the contracting agency, and another from 
another such company. In addition, two persons were hired for 10 sessions each 



from a part-time help firm (one dropped out immediately). Finally, three college 
students were hired to augment the sample. 

Of the eleven participants in Study A, 8 were female and 3 male. 

Level of experience of the agency and most corporate subjects was fairly high in 
typing, data entry, and associated text-processing areas, ranging from several 
months to 11 years. Average experience with office work was 6.25 years. (Each 
participant filled out a questionnaire listing experience in several text-related areas, 
schooling and job training, visual acuity, and other factors, to provide this 
mformation.) Proofreading experience as such was fairly well represented in the 
corporate and agency participants, with seven having experience from 1 to  10 years 
in at least occasional proof-reading, and three indicated 'daily or almost daily' 
proofreading experience for penods of one to three years. h e  work organization 
participant listed no proofreading experience. The college students and temporary 
hire showed little formal experience in data entry, statistical typing, or 
proofreading, though all were familiar with the use of personal computers for word 
processing. Background experience is not presented in detail here for individual 
subjects. The main point for present purposes is that although levels of experience 
were fairly varied, this group was familiar with general text processing, though of 
course not with the specific presentation techniques employed in this investigation. 

h@@m@.faL?im af study A. Because of various practical contingencies, the 
Study A design was implemented unevenly. One temporary hire dropped out 
within the first hour, and the decision was made to have the other correct 
Random Words. Two participants, borrowed from a cooperating organization, were 
called away after completing only three of the five sessions. One participant 
developed a neck problem during a side to side condition, and was switched to 
Vodem presentation and let out early. One session for one participant ended in 
machine failure, and there were a few problems in the availability of material on 
functioning fixed disk drives of the PC's. 

The net effect was more data on Random Words than on Serial Numbers. In a 
sense, the Serial Numbers provide more of a 'pure' case of information processing, 
because of their lower .association level. A person can compare a misspelled word 
against an internal, memory representation more easily than he or she can 
compare a %rial Number, which is quits arbitrary. 

StumB Though Study A produced a fairly rich body of individual data, 
explored in some detail in Section D below, it exhibited a fair amount of variability. 
Because of its logic of design, and the practicalities of implementation, interpretation 
of grouped data statistics has to be done with -re. For these reasons, a much 
simpler study, focusing on Serial Numbers, and having only the middle and low 
levels of embedded errors, was run during the last month of the project. 

In this study, four persons from a temporary help firm proofread Serial Number 
material at  two levels of error density. Distinctive features of this study, which 
profited from the experience of Study A, included the following: 

e a more extensive training session the first day, 

e elaborate feedback, with examples, and comparative statistics, to each 
participant after the first day's training, 
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less elaborate feedback at the end of each half-day's session on how the 

@ a more homogeneous subject group relative to experience level, 

comparable control of motivation factors stemming from the conditions of 

control of certain factors of stimulus detail that had turned out to  result in 

person had done that day, 

payment (rather than being 'on loan', etc.), 

somewhat misleading error-correction figures in Study A. 

The design of Study B is shown in Figure B.2. 

1 Session I All Subjects I 
Treinin 

Serial - MID - VOD 
Serial - LO - VOD 

3 Serial - LO - STS 
4 I Serial - MID - STS 
5 I Serial - MID - VOD repeat 

Figure 8.2 - Design for Study B 

Participants in Study B had less job experience related to text processing or office 
work than did the corporatdagency participants from Study A, but more than the 
college students in that Study. Average length of office experience for Study B was 
16 months. Experience in data entry, statistical typing, and working with personal 
computers was also sparse. However, 3 of the 4 indicated -occasional proofreading' 
for periods ranging from 3 to 15 years. Three were female; one, male. 

6.2 Conditions of Testing 

and IBM PC-AT computers were equipped with Super !WeenM anti-glare screens,. 
For STS conditions, Rubbermaid Copy HolderM copy stands with moveable line 
indicators were used. Because of availabihty, only XT's were used in Study B. 

Response times of the machines with the programs used were the same. 
Screens were identical. Keyboards did Mfer. However, participants had indicated 
preference for keyboards on their initial questionaire. and the only two persons 
who indicated a preference for a standard AT keyboard were assigned to those 
machines. 

All sessions were held in the MSFC Micro-computer Training Facility. IBM PC-XT 

Uniform tables and chairs were used. (The chairs had arms, which many 
participants complained of as annoying. Perhaps at  a future time this facility 
might be equipwd with chairs more suitable for computer use.) Ambient noise 
level in the facility was high enough to mask incidental noises. Overhead lighting 
was reduced during the actual proofreading sessions to diminish remaining glare. 
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Section C 

COMPUTER PROGRAM DEVELOPMENT 

C. 1 Computer Language Requirements 

For the programming demands of the Phase I contract, a 
decision was made to develop and convert all computer 
programs from IBM BASIC to the new Microsoft QuickBASIC. IBM 
BASIC consisted of an interpreter that must convert each line 
of computer coding to machine language before that line can 
be executed. This resulted in slow performance in multi-line 
complex programs. In work leading up to this contract, the 

the IBM BASIC compiler. The compiler converted all lines of 
coding to machine language to form a new stand-alone 
executable file. A definite increase in execution speed was 
realized, but all other limitations still existed. The 
compiling process lasted up to forty minutes, involving ASCII 
conversion, compiling, and linking. The compiler was 
internally limited to a relatively small amount of working 
memory, causing s o m e  problems with the RAM-intensive 
proofreading routines. There were many primitive features in 
the IBM BASIC when compared to other available user-friendly 
languages and utilities where many have word processing-like 
editors, mouse supported pop-up menus, large working memory, 
and advanced error debugging. These limitations bought 
support for the purchase of a new high-level language to 
increase productivity. 

-err& X-- 4 - -e - * ,n& n s r Z - r m s o r s  use e a + i e Z 4 s r l  w i + h  +her n p c , ~  0.f: a i c c v  I Y I  rwpo YV’CY p c m  mwi . m . = a . * . - s  --a =c.cI=. I=- -A_.. 

Microsoft QuickBASIC version 2.0 met almost all of the 
requirements that were set forth. It included advanced 
editing, compiling, debugging, and mouse support. Microsoft 
patterned this new language to rival other high-level 
languages like PASCAL and C, while still providing the 
programming ease of BASIC. Features like l0aX compatibility 
with IBM BASIC, a ten times performance increase over IBM 
BASIC, and automatic in-memory compilation were main 
contributing factors in the final decision to make Microsoft 
QuickBASIC the language for the contract. A Mouse Systems PC 
Mouse was also bought to take advantage of the mouse support 
that greatly extends cursor control and the ease of operation 
during interaction with the program. This eliminates complex 
multiple key stroke commands, replacing them by hand-moving a 
small box and pressing a button to choose any command. 

The first major project concerned grasping many new , 
features in the QuickBASIC editor and understanding the 
operation of the automatic compiler and of the new 
programming elements. The most obvious attraction was 
time-saving mouse support that was most important during the 
early half of the contract when old programs w e r e  modified to 
QuickBASIC, where convenient interaction with QuickBASIC 
proved to be of great importance. The ease of operation that 
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the mouse provided t o  QuickBCISIC was transplanted t o  a few 
programs i n  the developing stage when the mouse was seen as a 
new t o o l  fo r  the proofreading programs. QuickBASIC also 
in t r igued us and allowed us to create other performance 
ra i s ing  rout ines tha t  were prac t ica l  and extremely 
p ro f i c ien t .  Many programs were substant ia l ly  reworked. Most 
f i t  i n  the category of f i l e  generation because of  the 
considerable amount o f  calculat ions which m u s t  be cont inual ly  
cycled t o  create a f i l e  of considerable length. 611 of  the 
programs benefi ted from QuickBASIC’s easy er ro r  correct ion 
and modif icat ion a b i l i t i e s .  

C. 2 Computer Programming 

I n  developing the computer programs, the general 
in te res t  was t o  provide a streamlined approach t o  gathering 
the proofreading data on each indiv idual  t ha t  was tested. 
Computer random generation techniques were employed t o  supply 
the most e f f i c i e n t  means f o r  creating the proofreading data 
f i l e s  w i t h  embedded errors. This allowed unbiased, random 
data t o  be produced a t  a high speed. The PRF proofreading 
program tested a l l  the indiv iduals on the proofreading data 
f i l e s  and recorded the resul ts.  Some programs provided a 
p a r t i a l  analysis of  the resu l t s  by p r i n t i n g  them out w i t h  
respect t o  the f i l e  tha t  was proofread, summarizing resul ts,  
comparing the d i f f e r e n t  aspects of the resul ts,  and p l o t t i n g  
the r e s u l t s  against each other. The computer played a major 
r o l e  toward the processing of  data t o  g ive f u l l  view of  the 
proofreading resul  ts f o r  human anal ys i  5. The f o l  1 owing 
paragraphs w i l l  describe the important programs tha t  were 
used during the contract. 

C.2.1 Proofreading Data F i l e  Preparation 

Four steps are needed t o  prepare a data f i l e  f o r  
proofreading. I n  the f i r s t  step, continuous l i n e s  of  random 
t e x t  are generated. There are t w o  programs designed f o r  th is  
task. For word generation, the program RANDWORD randomly 
reads i n  words from a 50,000+ word d ic t ionary t o  compose 
l i n e s  about 75 characters i n  length. The only user 
selectable parameter i s  the number of  l i n e s  tha t  w i l l  be 
created. Next, the program SERIALQB formulates t e x t  f i l e s  
f i l l e d  w i t h  s e r i a l  combinations l i k e  l icense p l a t e  numbers, 
telephone numbers, and I D  codes. The user selects the number 
of f i e l d s  ( se r ia l  ’words’) per l i n e  and the number of  
characters per f i e ld .  Each character i n  the f i e l d  i s  
assigned a set  from which that character ‘ i s  randomly . 
selected. A set can consist  of only le t te rs ,  only numbers, 
l e t t e r s  and numbers, or a special character l i k e  a dash which 
i s  used i n  telephone numbers. For example, a l icense p la te  
number i s  chosen t o  have seven characters. The f i r s t  three 
characters are assigned t o  set A, a set o f  only l e t te rs .  The 
l a s t  four characters are assigned t o  set B, a set of only 
numbers. This br ings about three random l e t t e r s  and then 
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four random numbers i n  t h i s  character f i e l d .  I n  addit ion, 
d i f f e r e n t  types of  se r ia l  combinations may be a l terated every 
25 l i n e s  (or any other number of  l i n e s  t o  produce a var ie ty  
of  data f o r  test ing) .  The purpose of  both data generation 
programs i s  t o  quickly create mul t ip le  l i n e s  of  t e x t  f o r  
processing i n  the next step. 

The second step adds embedded errors  t o  l i n e s  o f  t e x t  i n  
a random but cont ro l led procedure. The most important 
feature i s  the user selectable error densit ies. There are up 
t o  seven d i f f e r e n t  types of  errors tha t  can be implanted i n  
the text .  Each error i s  given a value f o r  i t s  frequency of 
occurrence. This method al lows high density errors, low 

and even the el iminat ion of  a type of  error. RED i s  the 
basic program tha t  i s  used i n  the second step, but there are 
ten options f o r  RED. The options have d i f f e r e n t  error 
densities. Five of  the options are f o r  word f i l e s ,  and the 
other f i v e  options are f o r  s e r i a l  f i l e s  since the s e r i a l  f i l e  
options must el iminate the upper-lower case errors. The f i v e  
f i l e s  of  the two sets have f i v e  d i f f e r e n t  error densi t ies 
tha t  range from ext ra low error densi t ies t o  ext ra high er ro r  
densities. I n  the construction of each of  the f i l e s  from 
RED, three l i n e s  are outputted for every one l i n e  inputted. 
Output l i n e  one (PDP(1)) i s  ident ica l  t o  the input l ine.  
Output l i n e  two (PDP(2)) i s  the input l i n e  w i t h  any embedded 
error added. Output l i n e  three i s  the control  l i n e  which 
contains the information about any errors  embedded i n  output 
l i n e  two. The information i s  instrumental i n  a l l  fu tu re  use 
of the output f i l e s  from RED. Step two concludes most o f  the 
construction of data tha t  i s  t o  be used i n  proofreading. 

..am--; L.. ---.-.-c u c a i = a L y  =a 8 u a  3, f ~ > * = r i n g  =S ~ e r t ~ i i i  BTTOTS sther =Ticis, 

For the t h i r d  step, a special version of  the PRF 
proofreading program was created, tha t  was ca l led  SCAN. This 
program processes the proofreading data f i l e s  .as i f  an 
ind iv idual  was t o  constantly go t o  a new l i n e  without any 
correcting. A n  output f i l e  i s  made comprising of  a l l  the 
er ro r  information since no errors were corrected. The data 
i n  the output f i l e  gives an actual accounting of the error  
d i s t r i b u t i o n  so the f i l e  can be determined t o  be acceptable 
i n  i t s  d i s t r i b u t i o n  of  e r ro rs  o r  t o  be re jected f o r  
undesirable er ror  density, l i k e  a too low er ro r  density 
percentage i n  the RED program during error  embedding. 

I n  step four, the data tha t  was outputted i n  step three 
m u s t  be t ranslated t o  an eas i l y  understood form. The MAYOUT 
program had already been used i n  previous pro jects  t o  examine 
data tha t  was outputted by the PRF proofreading program. 
MAYOUT was modified t o  produce a new version ca l l ed  MAYSCAN 
tha t  discarded many user options, replacing them with a 
defaul t  since a l l  data run through MAYSCAN would be of  a 
s imi la r  nature. MAYSCAN automatically in te rpre t ted  the 
output data from SCAN i n t o  informaion summaries every 100 
l ines.  A data tab le for each 100 l i n e s  w i t h  mu l t i p le  summary 
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tables was pr in ted  out on paper t o  provide eas i l y  accessible, 
permanent records on every errw i n  the proofreading data 
f i l e s .  The data f i l e s  could now be deemed acceptable w i t h  
the informat ion included i n  the  data tables. The only data 
f i l e  tha t  was rejected resul ted from a low miscalculat ion of  
the missing l i n e  error  density. Steps three and four insured 
error densi t ies and error d is t r ibu t ions  t h a t  were consistent 
wi th  the goals of  the proofreading test ing.  

Step f i v e  appl ies only t o  the proofreading data f i l e s  
w h i c h  are t o  be used i n  side-to-side proofreading. Because 
only one l i n e  of  the data (PDP(2)) i s  put on the screen f o r  
side-to-side proofreading, there was a need t o  p r i n t  out the 
other i i n e  iPDP i i i  i +or comparison against the i i n e  on the 
screen. A program had been developed tha t  read proofreading 
data f i l e s  and only outputted t o  the p r i n t e r  the f i r s t  l i n e  
(PDP(1)) of the two l i n e  p a i r  of l i n e s  t o  be proofread 
against each other. Each page i n  the pr in tou ts  contained 25 
l i n e s  of  double spaced text .  After the conclusion of  step 
f ive,  the proofreading data f i l e s  can now be used i n  the PRF 
proofreading program. 

To s a t i s f y  the requirement f o r  proofreading data, ten 
f i l e s  were created as word f i l e s ,  and ten f i l e s  were created 
as se r ia l  f i l e s .  I n  the ten f i l es ,  there were two sets of  
f i v e  f i l e s .  One set would be f o r  VODEM test ing.  The other 
set would be f o r  side-to-side testing. The f i l e s  i n  each set 
d i f f e red  from low error density t o  h igh er ror  density. Each 
f i l e  contained 1800 l i n e s  or about 300,000 bytes of  data. 
These twenty f i l e s  and two extra middle error density f i l e s  
const i tuted a l l  o f  the data tha t  was used f o r  proofreading 
tes t ing  i n  the duration of the contract. 

C. 2.2 PRF Proof reading Program 

The PRF proof reading program tested ind iv idual  5 under 
contro l led condi t ions f o r  accuracy i n  er ro r  correction. The 
PRF7 computer program was modified from our standard 
proofreading program, PRF33. PRF7 was used as the 
proofreading tes t ing  program throughout the contract. I n  
PRF7, if the f i n a l  l i n e  (PDP(3)) t ha t  i s  corrected by the 
user through data entry keystrokes contains any uncorrected 
errors, the f i n a l  l i n e  i s  saved as a new data record i n  the 
user’s output f i l e .  T h i s  was the most s ign i f i can t  change i n  
the basis of  the program. Other modif icat ions derived from 
the conversion of  PRF7 to a new language, Microsoft 
QuickBASIC. 

A n  addi t ional  version of  the PRF proofreading program, 
PRFMOUSE, was created t o  take advantage of  the ease of 
operation tha t  was of fered by the PC Mouse. The task of  
developing a user- f r iendly environment w i t h  easy t o  
comprehend menus and continuous user control  was a time 
consuming process. PRFMOUSE was not completed u n t i l  the 
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latter stage of the contract. PRFMOUSE only used the 
keyboard for data entry corrections. All options and 
commands were displayed on the screen and selected through 
the movements of the mouse and the pressing of the mouse’s 
buttons. Even the selecting of the position of errors was 
controlled by the mouse. This made it natural for the eyes 
to continue looking at the screen even while commands are 
being selected because in order to view the actions of the 
mouse, a person has to look at the screen. This eliminates 
multiple head movements between the screen and the keyboard 
to select and verify commands that occur when using the 
keyboard. Still, a person must go through the keyboard 
process when typing in data entry corrections. By allowing 
the eyes to stay affixed to the screen, the speed and 
accuracy of the selection and verification of commands are 
increased. Overall, time is saved in a variety of areas, and 
the ease of operation is improved. 

CARDA is a supplemental program to the PRF proofreading 
programs. It performs the task of providing the users of PRF 
with the information to run the proofreading program. The 
information includes the user’s code name, the date, the 
computer number, the disk number, and the commands to start 
the proofreading program. The program is also designed to 
create the statistical files f o r  the storing the user’s 
proofreading results. Below is a typical example of . the 
information that is provided to the user in order to run the 
proofreading program: 

INCH MONDAY 29 COMPUTER NO. 1 0  DISK NO. 98 

A >  
A >C: PRF7 

ENTER YOUR PROOFREADING TEXT FILE ? C:FLOPPYlB.WBS 
ENTER YOUR OUTPUT STATISTIC FILE ? A:INCH-FlB.WBS 
ENTER YOUR HEADER RECORD ? KAREN Baker 
PRESS THE CRETURNI KEY TO START THE PROOFREADING 

C. 2.3 Computer Anal ysi s Programs 

The MAYOUT3 computer program analyzes the proofreading 
results from PRF7 into a line-by-line format of error and 
proofreading information with comprehensive summaries. 
MAYOUT3 was modified to accommodate the new version of the 
PRF7 proofreading program. The format for the input data 
file of th‘e MAYOUT3 program was changed such that an 
additional data record of the proofreading line (PDP(3)) 
could be read from the PRF output file. 

The SAMP9 computer program is designed to analyze the 
results of the proofreading tests up to the specified number 
of the embedded errors per sample. Each sample contains 25, 
50, 100, or more embedded errors from the original 
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proofreading f i l e .  SAMP9 reads th is proofreading f i l e  and 
the l ine-by- l ine resu l t s  from the PRF proofreading tests. It 
then outputs various s t a t i s t i c a l  r e s u l t s  f o r  each sample. 
These s t a t i s t i c a l  resu l t s  per sample include the fol lowing: 

1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 
9. 

10. 

residual  e r ro r  
number of  characters and keystrokes 
time t o  complete the sample 
correct ion time 
X r a t i o  of  corrected t o  o r ig ina l  er rors  
r a t i o  of  the time t o  complete the sample t o  
the number of  characters i n  the sample 
X r a t i o  of  residual  error t o  sample s ize  
r a t i o  of sample t ime t o  average sampie t ime 
er ro r  density (errors 1 # of characters) 
user processing time per character 

SAMP9 also saves the s t a t i s t i c a l  r e s u l t s  by creat ing two 
random access f i l e s .  O n e  i s  f o r  embedded errors, and the 
other i s  f o r  the corrected errors. These r e s u l t s  include the 
number of  characters, length of time, number of  keystrokes, 
and correct ion time between two adjacent errors. I n  the 
subsequent run, these two random access f i l e s  can be accessed 
again without regenerating these s t a t i s t i c a l  r e s u l t s  t o  save 
time. Then, SAMP9 can immediately compute the f i n a l  sample 
r e s u l t s  for  various sample sites. Also, a t h i r d  random 
access f i l e  i s  created t o  save the f i n a l  resu l t s  f o r  each 
sample. SAMP9 can use t h i s  f i l e  t o  p l o t  X and Y points  on 
the pr in te r .  

The SPLOT2 computer program i s  a p l o t t i n g  program t o  
obtain a scatter p l o t  on the pr in te r  f o r  any two funct ions of  
the sample data being used as X and Y points. This program 
also can obtain the histogram p l o t  f o r  a speci f ied function. 
SPLOT2 reads the random access f i l e  tha t  i s  generated by the 
SAMP9 program, and i t  outputs the various sample funct ion 
plots. For each p lo t ,  SPLOT2 allows the user t o  select  a 
p l o t  type, e i ther  a histogram or scatter p lo t ,  and also a 
p r i n t i n g  mode, e i ther  on the screen or on the pr in te r .  A l l  
o f  the sample data functions are l i s t e d  i n  the menus, and the 
user can select  any one or two funct ions f o r  a speci f ied 
p lo t .  The compressed p r i n t  mode i s  used t o  al low 1 3 6  columns 
of  p r i n t i n g  on the pr in ter .  For the p r i n t e r  output, 1 3 0  
columns are used t o  p l o t  the X points, and 87 r o w s  are used 
t o  p l o t  the Y points. The f i r s t  and l a s t  three columns and 
rows are used f o r  the two X and Y axes. These axes are made 
w i t h  p lus  signs and are labeled with the number of  columns or 
rows. For the screen display, 74 columns are used f o r  
p l o t t i n g  X points. The data points can be pr in ted as the 
numbers from 1 t o  9 and the l e t t e r s  f o r  A t o  2 t o  ind icate a 
d i f ference between the data points. 

The POINTPRT computer graphics program i s  a general 
purpose bitmap display program. T h i s  program also has an 
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option t o  p r i n t  the bitmap on the p r i n t e r  i n  the graphics 
mode. The input o f  t h i s  program i s  the X and Y po ints  o f  any 
function. This program computes X and Y scale fac to rs  and 
the i n te rva l  s i ze  between t i c k  marks according t o  the input 
data points. The o r i g i n  of  the X and Y coordinates i 5  set  as 
(0,0) and i s  located i n  the l e f t  corner of  the screen. The X 
ax is  i s  drawn on the r i g h t  s ide of the or ig in,  and the Y ax i s  
i s  drawn on the top side of  the'or ig in.  Each ax i s  has 10 
t i c k  marks, and these t i c k  marks are labeled a5 increasing 
pos i t i ve  numbers f o r  the X and Y values. The t i t l e  o f  the 
bitmap and the X and Y ax is  are also displayed on the screen. 

C.3 Example of  the PRF Display Screens 

When a user begins t o  proofread a data l i n e  pair ,  the 
PRF display screen appears as shown i n  Figure C-l(a) 
Proofreading Computer Screen. The top two l i n e s  ind ica te  
character posit ions, numbered from 01 t o  80. The t h i r d  l i n e  
i s  PDP(1) which the user assumes t o  be correct. T h e  four th  
l i n e  i s  PDP(2) which the user i s  t o  proofread f o r  e r ro rs  by 
comparing i t  w i t h  PDP(1). The next two l i n e s  i n s t r u c t  the 
user t o  use the funct ion key CF93 f o r  a new PDF data l i n e  
pa i r  or t o  use the funct ion key CF103 i f  a correct ion needs 
t o  be made. Figure C-l(b) shows the screen a f t e r  correct ions 
have been completed. The inst ruct ions appear below the PDP 
data l i n e  pair .  A correct ion mode i s  chosen between 
replacement, insert ion,  and deletion. Replacement i s  the 
automatic default, and inser t ion  and delet ion are selected by 
the funct ion keys CF73 and [FBI, respectively. A two-digit  
character pos i t ion  i s  entered by the user as '01' which 
appears on the 11th l ine .  Accordingly, an aster isk appears 
a t  character pos i t ion  '01' on l i n e  5. During correct ion by 
the user, the characters being entered appear on l i n e  6 below 
the asterisk. Af ter  the return key i s  pressed, the 
characters tha t  were entered are copied t o  l i n e  4 (PDP(2)) a t  
pos i t ion  '01' i n  a highl ighted mode. Now, the l i n e s  PDP(1) 
and PDP(2) are considered t o  be ident ica l  so the funct ion key 
CF93 i s  depressed t o  al low the next PDP data l i n e  p a i r  t o  be 
d i  sp 1 dyed . 
C.4 Notation 

C.4.1 Abbreviations and Def in i t ions 

STS - Side-to-side proofreading 
V , VOD - Vodem , head-on computer aided mode 

C. 4.2 Error Density Abbreviations 

L1 - 80 errors  per 50,000 characters 
L2 - 125 errors per 50,600 characters 
L3 - 1000 errors per 50,000 characters 
L4 - 1800 errors  per 50,000 characters 
L5 - 2600 errors per 50,000 characters 
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12345478901234567890123454789012345678901234S6709012345470901234547890123456789~ 
HENS NOMINALLY POLYNESIAN OK INNOVATE FELT BUNGLER PICKLES SMUDGING UNWISELY 
ENS NOMINALLY POLYNESIAN OK INNOVATE FELT BUNGLER PICKLES SMUDGING UNWISELY 

<F9 > NEW LINE 
<FlB> CORRECTION 

+*+*PROOFREADING MODE*+** 

Figure C-lta). Proofreading Computer Screen. 

3000008001111111~11222222222233333333334444444444S5~~55~SSS46&&4444447777777777~ 
~23456789012345678901~34~~7~901234567898123456709012345470901234S678901234567890 
HENS NOMINALLY POLYNESIAN OK INNOVATE FELT BUNGLER PICKLES SMUDGING UNWISELY 

NOMINALLY POLYNESIAN OK INNOVATE FELT BUNGLER PICKLES SMUDGINO UNWISELY 

H 
C F 9 >  NEW LINE 
< 
<F7> INSERT A CHARACTER 
<Fa> DELETE A CHARCICTER 

**+ ENTER 99 FOR TERMINATION , ENTER 88 FOR BRECIK *** 
> REPLACE ONE OR MORE CHARACTERS 

ENTER 2 DIGIT CHARACTER POSITION FOR CORRECTION. 01 

-----CORRECTION WE- 

Figure C-1 (b) . Completed Prooferding Screen. 



C.4.3 The Eight E r r o r  Types 

I. Substitution of one character for another 
11. Transposition of two adjacent characters 

I I I. Mi ssi ng character 
IV. Added character 

VI. Missing word 
VII. Hissing line 

V. Upper/lower case error 



Section D 

EXPERIMENTAL RESULTS 

Gamma Research, Inc.  completed the  Phase I experimental program t o  eva lua te  
clerical personnel f o r  proofreading a b i l i t y  under simulated VODEM and i n d u s t r i a l  
conditions with several e r r o r  dens i t i e s .  Table D-1 summarizes the  f ind ings  f o r  
t he  15 subjects.  The group f o r  Study A is noted as Subject(1) - Subject(9) p l u s  
Subject(A) - Subject(B), f o r  a t o t a l  of 11 subjects.  Study B included Subject(C) - 
Subject(F), f o r  a t o t a l  of 4 subjects.  

The indiv idua l  average t o t a l  time per l i n e ,  TL, f o r  a l l  sub jec t s  i n  Study A 
was  p lo t t ed  as a func t ion  of e r r o r  density, N . 
a l i n e a r  regress ion  l i n e .  
b ina t ions  of Words-Serial and STS-VODEM. Also shown i s  the  coe f f i c i en t  of cor re la -  
t i o n  f o r  each f i t .  Figure D-2 shows the  Performance Charts f o r  Words a t  t he  
STS and VODEM imaging modes, averaged over Study A. Figure D-3 shows t h e  average 
performance of Study A f o r  Ser ia l .  Due t o  the  var ious  s t r a t e g i e s  employed by the  
sub jec t s  f o r  proofreading Words, Figure D-2 does not show an improvement f o r  t h e  
VODEM mode a t  a l l  e r r o r  d e n s i t i e s  tes ted .  However, Figure D-3 shows c l e a r l y  t h e  
performance improvement of t he  VODEM a t  three e r r o r  dens i t i e s :  L1, L3, and L5. 
Both f igu res  a l s o  show the  ga ins  i n  performance with increasing e r r o r  dens i ty  f o r  
both imaging modes. Figure D-1 shows the  gain i n  speed of t o t a l  t i m e  per l i n e  
f o r  both imaging modes. 

Tnen che po in t s  were f i t t e d  w i t h  
The r e su l t s  are sh8wn i n  Figure D-1 f o r  t h e  four  com- 

Figure D-4 showns the  Performance Charts f o r  t h e  sub jec t s  i n  Study B f o r  
S e r i a l  Numbers, averaged over t h e  four subjects.  
using the  VODEM imaging mode. 
increasing error dens i ty  f o r  each mode. Figure D-5 shows an ind iv idua l  
from Study B wi th  the  g r e a t e s t  gain i n  accuracy using t h e  VODEM and increasing 
e r r o r  density over t he  STS mode. 
Subject(F) demonstrates t he  high accuracy tha t  can be obtained. Also shown is  
t h e  performance of Subject(C) who had the  highest  e r r o r  level. 
VODEM i n t e r f a c e  w a s  a b l e  t o  increase the  accuracy l e v e l  over STS by a l a r g e  f a c t o r  

A clear advantage is  seen f o r  
Also shown are t h e  gains i n  performance with 

Using the symbol c h a r t  from Table D-1, 

I n  t h i s  case, the  

(5.7). 

Using t h e  Error Recovery Method t h a t  was discussed i n  d e t a i l  i n  t h e  Phase I 
proposal, i t  is poss ib le  t o  ca l cu la t e  the  job t i m e  func t ion  f o r  ind iv idua ls  and 
group averages. 
amount of proofreading t i m e  f o r  25,000 or ig ina l  e r r o r s  i n  f i v e  mi l l i on  charac te rs  
w a s  ca lcu la ted  f o r  t he  average of Study A. 
e r r o r s  ( the  i n d u s t r i a l  method) w a s  less accurate than VODEM with embedded e r ro r s .  
The gain i n  accuracy f o r  VODEM w a s  7.7 using serial  numbers. 
could be self-compared because of the  l ack  of data.  
accuracy of 19.7 using ser ia l  numbers. Subject(6) had a gain of 10.2 f o r  serial 
numbers. 

Using Figures D-1, D-2, and D-3 t he  e r r o r  l e v e l  f o r  t h e  same 

It w a s  found t h a t  STS without embedded 

Only two indiv idua ls  
Subject(4) had a ga in  i n  

For Words, t he  group average performance f o r  Study A gave a gain i n  
o v e r a l l  performance of 15.6 when the  VODEM is used over STS. Only one person 
had enough da ta  t o  ca l cu la t e  an individual gain. Subject(3) had a ga in  of 3.5 
i n  accuracy. 
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221 
251 
417 
430 

21. 6 30.7 8.4 l-FB8a X 
24.4 42.4 4,4 1-F10 X 
12.6 26.5 5.4 1-F85 
19, 6 28.0 4.7 l-FO8b X 

1152 8.9 9.6 15.7 1-F01 
187 20.8 36.7 10.4 2-SB5 
292 13.3 30.9 37.5 
286 19.4 37.0 12.4 
124 36.3 64.9 7.5 
126 15.0 38. 8 8.2 
232 12.7 13.2 40.0 2-Fa1 
165 12.3 17.6 12.3 2-F03 I 
317 12.8 19.2 6.4 3-F08 I X 
625 
956 0 466 

10.0 18.5 27.0 3-FBb X 
6. 0 12. 0 12.3 3 4 3  
8.9 24.8 4.5 3-F85 

178 9.7 16.0 4.3 3-FB8 X 
168 17.6 39.9 5.6 4-SBS 
438 22.7 23.6 38. 6 I-SBb X 
792 13.8 15.4 15.4 4-SB 1 
173 17.3 36.2 5.1 5-585 
388 24.6 33.2 13.3 5-SB8 x 

0 
h 69 21.3 40.2 12.6 5-sie x 

195 13.8 28.9 9.2 5-SB5 
198 38.7 53.4 1.0 6-FlB X 
340 29.7 30.4 8. 0 6-FU X 
416 21.2 27.8 0. 0 6-FM X 
308 35.2 . 36.3 13.3 b-SBb X 
419 19.1 26.1 .6 6-584 
121 48.2 58.3 2.2 6385 
267 31.7 41.0 .4 6-F09 X 
538 15. 0 19.9 4.0 6-FB3 
228 37.7 49.9 8.4 6-SI9 X 
408 29.9 38.6 14.5 6-SI1 
134 22.1 44.4 7.2 7-585 
168 
332 
346 

n 38.2 67.1 5. 1 7-511 X 
28. 0 32.4 4.8 7-S83a 
28.3 31.5 1.8 7-S03b I 

295 33.2 . 33. 6 0. 1 7-581 I 
122 34.1 54.2 3.3 8-Fl8 I X 
447 
322 
486 

0 8-FM X 
8-FBb I X 

19.5 24.7 10.4 B-F03 
26.5 33.6 7. I 
26. 6 27.3 0. 1 

364 14.2 29.0 5.6 8-FB5 I 
33% 8.3 15.5 8.5 9-F03 I 

14.3 20.5 11.6 9 4 0 3  
7.2 7.7 18.3 9-F01 

585 
1396 
405 8.6 22. 0 1.1 9-F85 
648 9.4 17.2 4. 8 9-F14 

n 
1675 6.4 1.2 15.9 9-FBZ I 
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-Table D-lb. Data from the Proofreading Experiments . . 

243 17.5 22.6 5. f i  kF13 
42s 21.9 2s. 1 9.2 lt-s13 
UZ 8.4 a. 1 3.5 lw15 
1 4 3  8.8 8.3 14.8 MI1 
tBb bo7 14.4 1.5 H14 e. b 

n 
i 

' 

1m . a.7 b.3 5.1 4 f 1 2  
I 1 3  14.8 36.1 14.8 8-FI8 

I I 2u sb.4 s1.5 27.2 B-S18 
.e.- i a  9 ?!.3 
18.2 28.7 

?.Z .F13 
17.4 8-93 

$ 113 1fi.8 1 .3  7. I B-F 
3u 9. 1 9.7 18.2 B-F 
81 11.1 3.2 2.2 8-F 
220 6.8 7.9 5.1 B-F 
164 39.4 51.3 6.9 e-1 
548 21.9 22.6 15.5 c-s 
332 35. D 35.1 47.1 e-s 
214 52.1 M.7 59.4 e-s 
233 29.4 . 41.2 18.3 C-1 
171 31.5 41.2 1.5 D-1 
699 16.2 17.1 9. 1 D-S 
n 7  29.2 31.1 11.1 D-S 

276 25. 1 31.5 3.1 D-l 
266 18.8 31.8 11.5 E-1 

A 

9 3u SB.6 41.5 2.0 D-s 0 - 

I 4  

'15 
'12 
'13 
ill 
116 
i18 
'13 
13 
ill 
S6 
118 
'13 
'13 

'a 1 

I 

- 

I 

1227 9.5 11.1 60.5 E-SO1 
319 31.9 32.9 44.1 . E-96 
277 32.6 44.6 27.7 E-Sl8 
456 11.4 21.1 21.5 E - W  
241 27.5 33.7 .8 F-TO3 
651 18.5 19.2 7.1 F-sll 
317 57.5 3.4 28.1 F-SI6 
312 52. 6 11.8 15.5 F-S18 
I 4  14.T 21.8 5.4 F-113 

0 
! 
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c Figure D-2. Group Average Performance Charts for Study A, , *. 
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Section E 

STATISTICAL EVALUATION 

E. l  Introduction 

The statistical evaluation of proofreading to eliminate 
error is quite complex. Numerous studies reported in the 

error rate with little understanding of the physical, 
statistical, and mental processes involved. Almost all studies 
have had short test times and small test populations. One of the 
major problems in statistical evaluation is the availability of 
suitable test personnel with sufficient time. Test planning and 
duration as well as final results are affected. The normal 
amount of error  resulting from keypunching and proofreading in 
testing and evaluation is related to the amount of training and 
experience each person has in the methods to be used. 
contractors, NASA and MICOM personnel, who volunteered for the 
test series, also had priority job responsibilities that did not 
permit them to complete the planned test time. 

1 i terature bean p r i  ,=ari 1 dire=+,& +,=ward ==hi EQ 1 

Some 

The predictive analysis for this program was initiated by an 
analysis of the work performed on an earlier Gamma Research 
proofreading program. The predictive statistical analysis was 
then continued through the first phase of this program that was 
performed by a group of government and contract employees 
(Study A) who volunteered to perform the proofreading tasks. 

Time constraints prevented a similar analysis of the last 
group of personnel tested (Study B). Gamma Research appreciates 
the efforts of both groups. 

E.2 Description of Statistical Program 

A brief review of the variables involved in test error 
correction indicates the complexity of the problem. The 
variability and similarity among the symbols (characters) in the 
English language is indicative of the complexity of the problem. 
The appearance of errors in a string of symbols include: wrong 
characters, missing characters, added characters, wrong letter 
case, transposed characters and similarity in many letter 
geometries. Other errors which may appear include missing words 
and/or missing lines. In addition to the normal person-to-person 
differences, varied educational backgrounds and reading 
differences appear. Some personnel may have been taught to read 
and spell by "phonics" methods relying on phonetic features, 
others by word recognition. P e r s o n s  taught speed reading are 
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trained to look at a column of text at one time and consequently 
regress in single character recognition. 

The mode of proofreading also must be considered. Computer I 

data is commonly verified (proofed) by a second key input pass 
(and computer comparison). Book publishers and others have one 
person read copy to another. Side-to-side (STS) comparison of 
the old (dead or PDP(1)) copy with the new (live or PDP(2)) copy 
by typists and others is also prevalent. 

A statistical approach for a major project must consider the 
objectives. Any that cannot be studied in detail should be 
randomly distributed so any effect the remaining variables may 
have will be as equally distributed throughout the experimentts) 
as possible. The effect of unknown variables will be felt in all 
experimental work and is v i t a l  to planned statistical 
experimentation in which more than one variable i 5  changed at a 
time. Multivariate analysis plans are therefore unsuitable for 
proofreading experiments (except those with very limited 
objectives) until more of the variables are fully understood. 
One of the aims of this study was to seek a method of controlling 
individual performance and, if practical, to find a general 
method of control that would aid in finding the cause of errors 
and improving individual performance. Engineering and 
psychological methods were applied to research the effect of 
error density and to determine the effect of imaging limited live 
and dead copy (PDP(2) and PDP(11, respectively) on the visual 
cortex of the brain simultaneously and so avoid errors due to 

computer +or the latter study is that it would permit objective 
measurement of the effect of accuracy and time. Computer 
programs designed for this study were written to fulfill these 
objectives. The project was limited to single unrelated words 
and serial numbers as test media. The RED computer program (see 
Section C) constructed word files for proofreading from a 
computer dictionary. The serial numbers generated by RED 
included familiar sets such as telephone, auto license numbers 
and automobile identification numbers, etc. After the dead 
(PDP(1)) copy was prepared, programmed errors were introduced to 
the live (PDP(2) 1 copy. The RED computer program randomly 
selected the lines and the position of an error in a word or 
serial number. The program imposed certain constraints on the 
characters. Where previous studies in the literature reported 
the frequency of a given error type the program approximated the 
frequency of these errors. To study the effect of error density 
five values of error density: L1, L2, L3, L4, and L5 were used. 
Two methods of proofreading were used. The normal side-to-side 
(STS) placement in which a co.mputer printed dead (PDP(1)) copy 
was compared to e live (PDP(2)) copy on the computer screen. The 
computer correction program (PRF7 )was used and a record made for 
analysis. The second method called the VODEM method placed a 
single line of the PDP(1) copy directly above the corresponding 
line of the PDP(2) copy on a CRT display and the errors caught by 
the proofreader were corrected by the same prompting method used 

1 recall from short term memory. One prime side effect of using a 

I for STS. Certain personal codes have been used in the 
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s t a t i s t i c a l  analysis t o  protect  the i d e n t i t y  of the  t e s t  
par t i c ipants  and t o  consolidate the report  (see Section D) . 

The t ime avai lab le away from normal job respons ib i l i t i es  d i d  
not allow some people t o  complete the planned t e s t  program. I n  
many instances the  t o t a l  number o f  samples used i n  the analysis 
do not meet the  ideal  s t a t i s t i c a l  minimum. A s  anticipated, the  
lowest er ror  density ( L l  and L2) d id  not produce enough samples 
f o r  even a prac t ica l  s t a t i s t i c a l  analysis. (For example, i f  only 
20 samples are  used, each one represents SX of the  data!) 
Therefore, the  r e s u l t s  i n  each ind iv idual  instance m u s t  be used. 
The data used i n  t h i s  analysis i s  best represented by the  data 
ac tua l l y  used as compared t o  the  t o t a l  t e s t  p lan as shown i n  
Figure E-la and Figure E-lb. 

100% 

10% 

12 

4------ 10 . 100 1000 10 

= NUMBER OF ORIGINAL CHARACTER ERRORS IN 50.000 CHARACTERS No 
Figure E-la. Data Used From Test Plan 
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lo 100 1000 - NUMBER OF ORIGINAL CHARACTER ERRORS IN 50,000 CHARACTERS 

' 

Figure E-lb. Data Used From T e s t  Plan (ZL 

lo&--- - 

. ., 

Note: The curves f o r  the  STS and VODEM imaging modes are idea l ized  
examples in order t o  v i sua l i ze  t h e  test plan. 
va lues  are defined i n  Section C.4.2. 
subjec t  are defined i n  Table D-1. 
f i l e  a t  t he  middle e r r o r  density (L3) f o r  subjec t  A. 

The e r r o r  density 
The F i l e  Names f o r  each 

For example, A-SO3 is a serial  
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E . 2 . 1  A Br ief  Introduct ion t o  S ta t i s t i ca l  Analysis 

Natural processes have been found t o  fo l low consistent 
s t a t i s t i c a l  pat terns when they are, i n  a general sense, f ree  of 
constraints. When occurrences from a process are placed i n  an 
increasing order and the Srequency w i t h  which each appears i s  
p lo t ted  above each a5 a bar chart, the bars form the basis for a 
b e l l  shaped curve. T h i s  curve i s  cal led a histogram. Figure E-2 
shows a t yp i ca l  symmetrical bar chart histogram. 

1 

I 
Figure E-2 Typical  Bar Chart Histogram 

The histogram found i n  most investigations is usual ly not so 
symmetrical but  contains anomalies due t o  the chance o f  sampling 
or some constraint.  When the bar chart histogram i s  smoothed 
i n t o  a curved f i gu re  a t yp i ca l  Gaussian or normal curve appears 
as shown i n  Figure E-3. 

I I . .  
NORMAL 1 -  I 

Figure E-3 Guaussian or Normal Curve 

e 

T h i s  curve i s  not only Symmetrical about i t s  average (mean), x, 
but  i t s  median and mode coincide with the mean. However, i n  many 

1 
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instances one t a i l  of  the  curve i s  constrained. For example, no 
chemical can be more than 100% pure nor can any be e n t i r e l y  f ree  
of impur i t ies.  The curve i s  then no longer symmetrical; i n  the  
f i r s t  instance the  average p u r i t y  w i l l  move fu r ther  toward the 
pos i t i ve  end o f  the curve and i s  said t o  be negatively skewed 
(Figure E-4a). I f  impuri ty i s  measured, the  average or mean i s  
moved fa r  t o  the  l e f t  and i s  pos i t i ve ly  skewed (Figure E-4b). 

’ 

F i  gure E-4 Skewed D i  s t r  i but i ons 

D r .  W.H. Shewhart who was responsible f o r  the appl icat ion of 
s t a t i s t i c s  t o  qua l i t y  control  i n  industry developed the  Control 
Chart. This chart  places the value of each event t o  be recorded 
i n  succession above the x or horizontal ax is  on a su i tab le  scale. 
Control is now evaluated by the pos i t ion of  the  values i n  
r e l a t i o n  t o  the values of t h e  histogram whose base becomes the y 
or v e r t i c a l  ax is  of  the control  chart. These charts are g rea t ly  
s imp l i f ied  by use of  the  standard deviation. The standard 
deviat ion (6) i s  the  square roo t  of the  s u m  of  the  ind iv idual  
d i f ferences f r o m  the  mean ( P I  and i s  symmetrical about the  mean 
o f  a normal d is t r ibu t ion .  The mean p lus and minus one standard 
deviat ion ( ~ $ 6 )  w i l l  include about two-thirds of  a l l  
occurrences, (p22c) about 94.5%. and (,Uf36) about 99.7%. 
One addi t ional  property tha t  i s  very useful  f o r  cont ro l  i s  the 
fac t  tha t  i f  the average of  several occurrences (usually 4 or 5 )  
i s  taken and plot ted,  the averages w i l l  tend t o  produce a normal 
d i s t r i b u t i o n  and control  chart. Such a chart i s  ca l led  an x-bar 
chart  (7 chart) .  The 7 chart can now be in terpreted (a f te r  
checking f o r  assurance tha t  the d is t r ibu t ion  approximates the 
normal d i s t r i bu t i on )  and z imp l i f i ed  as the product of a normal 
d is t r ibu t ion .  The usual x chart i s  s imp l i f ied  by using a g r i d  on 
which the  mean and the upper and lower contro l  l i m i t s  
(usual ly 2 36) are highlighted. Figure E-5 i l l u s t r a t e s  the 
concept. Many other kinds of control charts can be used i f  
in te rpre ted  i n  terms of  t h e i r  p lo t ted  d is t r ibu t ion .  

I 

X 

I 
ORDER OF MEASUREMENTS 

Figure E-5 Typical Normal Control Chart 
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E . 2 . 2  Background t o  Program S ta t i s t i ca l  Analysis 

A previous study by Gamma Research (Reference 5 )  using 
s imi la r  methods t o  a i d  handicapped people was reviewed ear ly  i n  
the  pro ject  w i t h  the object of  developing methods tha t  would 
ob jec t ive ly  evaluate performance i n  proofreading and enhance 
t h e i r  performance as well. One of  the be t te r  methods of 
providing such assistance and control i s  the s t a t i s t i c a l  control  
chart  (see Section E.2.1 f o r  some elementary de ta i l ) .  The usual 
approach t o  th is problem i s  t o  transform the  data t o  a normal 
d i s t r i b u t i o n  chart. A " f rac t ion  defective" or P-Chart was used 
i n  the  e a r l i e r  program. The chart  was based on the  f rac t i on  not 
corrected i n  samples containing 20 errors i n  the  l i v e  copy. This 
chart  was useful i n  obtaining comparison of  performance and 
personal progress but the  data pattern (histogram) was not 
normal. The usual technique of  averaging an increasing number of 

data as the  i n i t i a l  step i n  ge t t ing  a sound contro l  technique. 
An  increasing sample s ize  was t r i e d  next and i t  was found tha t  
even samples of  100 o r i g i n a l l y  erroneous characters d id  not y i e l d  
a normal d is t r ibu t ion .  Reference was made t o  the  s t a t i s t i c a l  
l i t e r a t u r e  t o  determine the underlying frequency d i s t r i b u t i o n  of 
residual  e r ro r  (18) i n  various sample sizes o f  o r i g ina l  errors 
(10) i n  the  l i v e  copy. Techniques advocated by the  4th ed i t ion  
of  S i r  Wi l l iam Elderton's c lass ic  "Systems o f  Frequency Curves" 
(Reference 11) gave some ins igh t  but no d e f i n i t i v e  resul ts .  The 
data generated by some (but not a l l )  personnel i n  the  e a r l i e r  

approximate an exponential d is t r ibu t ion  (Figure E-6). 

I 
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. Gamma Research study using handicapped people were found t o  

1 

Figure E-6 Exponential D is t r ibu t ion  

The form o f  th is  curve l e d  the  study toward invest igat ing 
Gumbel's extreme value theory and d is t r ibut ion.  Deta i l s  o f  t h i s  
theory are not found i n  the usual s t a t i s t i c a l  texts. A copy of  
Gumbel 's or ig ina l  paper (Reference 12) and his probabi 1 i t y  paper 
were found w i t h  M r .  Don Royston of Morton Thiokol, Huntsvil le, 
M r .  Royston of fered further assistance. He used Gumbel 's extreme 
p robab i l i t y  paper i n  h i s  analysis. Probab i l i t y  paper i s  designed 
w i t h  one ax i s  of a graph spaced so the cumulative probab i l i t y  

I 
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b e i n g  c o n s i d e r e d  p r o d u c e s  a s t r a i g h t  l i n e  when p l o t t e d  a g a i n s t  a 
l i n e a r  or d e r i v e d  f u n c t i o n  of t h e  parameter  b e i n g  s t u d i e d .  
Converse ly ,  t h e  pa rame te r  s t u d i e d  may b e  c o n s i d e r e d  a s  hav ing  t h e  
f r e q u e n c y  d i s t r i b u t i o n  of t h e  p r o b a b i l i t y  p a p e r  used. F i g u r e  E-7 
shows Gumbel's p r o b a b i l i t y  pape r  and a t y p i c a l  p l o t .  

(Reference  5 )  w a s  used. The d a t a  w a 5  f r o m  p r o o f r e a d i n g  tests of 
r e p r e s e n t a t i v e  handicapped pe r sonne l  w i t h  2 w e e k s  a v e r a g e  
t r a i n i n g  ' i n  G a m m a  Research  methods. 
D i s t r i b u t i o n  f o r  t r a i n e d  pe r sonne l .  Some of t h e s e  p e o p l e  had 
n e v e r  used  a computer b e f o r e .  

Data t a k e n  d u r i n g  an  earlier G a m m a  Research  s t u d y  

F i g u r e  E-8 shows Gumbel 's 

The l i n e a r i t y  of t h e  p l o t s  f o r  i n d i v i d u a l  r e s u l t s  and t h e i r  
a v e r a g e  is a s t r o n g  i n d i c a t i o n  t h a t  t h e  Gumbel Extreme Value 
t h e o r y  a p p l i e s  t o  t h e s e  p e o p l e  and  w i l l  a p p l y  t o  m o s t  f u t u r e  

a v a i  1 ab1 e s o m e  d e t a i  1 s are g i v e n  here .  
personnel tested. Rerzllsrr Gl lmhol 's  bOEiC Y3Fk is rrct rczdily 

F i g u r e  E-7 Typica l  Gumbel E x t r e m e  P r o b a b i l i t y  P l o t  
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1 E.3 The Gumbel D is t r i bu t i on  

While searching f o r  a way t o  predict  f loods E . J .  Gumbel of  
the  National Bureau of  Standards found tha t  the annual maxima of 
stream f low formed a d i s t r i b u t i o n  of t h e i r  own t h a t  could be used 
t o  p red ic t  the re tu rn  period of  f loods o f  a given height bet ter  
than any other s t a t i s t i c .  Short ly afterwards he and others found 
h is  d i s t r i b u t i o n  could predic t  both the maxima and the  minima of  
not  only f loods but a lso of other phenomena as wel l  . Some 
examples are: capacitor breakdown voltages, wind-gust maxima, 
human longevity, t ime i n t e r v a l  f o r  the next emission from 
radioact ive materi a1 s, draught p e r i  ods , ex t inc t i on  of bacter ia 
w i t h  d is in fectant  exposure, meteorological pressure extremes, and 

1 I t he  l i f e  o f  l i g h t  bulbs, Gumbel developed a p r o b a b i l i t y  paper 
C a r  thp distributian, Prnhahi 1 s t ~  p=.per give% simple graphic 
method for t es t i ng  the f i t  between observation and theory, avoids 
laborious calculat ion. It may be used as the basis f o r  
determining process levels. Let x be a continuous var iable tha t  
w i l l  usual ly  have a dimension i n  cycles, time, length, and a5 i n  
our case residual  error as a function of  an o r i g i n a l  error 
sample. 

X U t 

where U. and vd are parameters of x and y. 

a i s  a selected average, e.g., mean, mode, median 

L/d i s  a cer ta in  measure of dispersion 

(See Section E.5 Numerical Analysis of  Extreme Probabi l i ty  
Data f o r  more d e t a i l )  

Probab i l i t y  paper i s  a rectangular g r i d  on which x i s  
p lo t ted  on one ax is  and the probab i l i t y  var ia te  (9 ( y )  = Fg) 
i s  p lo t ted  on the other axis. 

The Gumbel p robab i l i t y  paper has the  observed (XI value 
p lo t ted  v e r t i c a l l y  and the reduced probab i l i t y  var ia te  (y) 
p lo t ted  hor izontal ly.  T h i s  eases the u t i l i z a t i o n  o f  the least  
squares method of  p l o t t i n g  the regression l i n e  (when warranted). 
The chart  i s  prepared by placing the observed values i n  ascending 
or descending order and the occurrence of  each o f  the observed 
values determined. The respective cumulative values of  the 
ocurrences are determined along with t h e i r  summation. Each value 
i s  now div ided by the t o t a l  of a l l  occurrences p lus  one. T h i s  
procedure al lows p l o t t i n g  a l l  po ints  and introduces an 
i n s i g n i f i c a n t  error when the s ize of the occurrences i s  
considered i n  r e l a t i o n  t o  the universe from which i t  was taken. 
Gumbel has developed several other scales re la ted  t o  the selected 
p r o b a b i l i t y  scales tha t  may be obtained from h is  referenced paper 
(NES Applied Science Series #33) that  have not been discussed 
herein. 
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When the  actual data and the probab i l i t y  paper have matching 
d is t r ibu t ions ,  the  data w i l l  p l o t  as a s t ra igh t  l i ne .  Some 
mismatch outside f i f t e e n  or eighty-f ive percent i s  usual ly  not 
s ign i f i can t .  When s t ra igh t  l i n e s  p lo t ted from the  data in te rsec t  
the  data i s  skewed i n  r e l a t i o n  t o  the d i s t r i b u t i o n  o f  the  paper. 
S imi lar ly ,  l i n e s  tha t  do not in tersect  or only in te rsec t  through 
a curve ind ica te  a bimodal re la t ionship between the  2 par ts  o+ 
the  data tha t  are each fo l lowing the d i s t r i b u t i o n  o f  the  paper. 
I n  the  l a t t e r  case, histograms would overlap on adjacent t a i l s .  

The use of the Gumbel theory i s  appropriate t o  th is  
proofreading study because the  data are the  res idual  errors l e f t  
a f t e r  proofreading each group of  100 errors  embedded a t  random i n  
the  body o f  the  word and se r ia l  number tests. 
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E.3.1 Preparation of Gumbel Plots with Probability Paper 

A step by step method of preparing Gumbel Probability Paper 
plots follows for the reader's convenience: 

1. Examine the data and reject values only for  cause. For 
example: Computer summary would report about seventy-five errors 
if the operator did not note a missing line (incorporated in 
tests to indicate typing speed). 

per 100 error samples in ascending order (or with any other 
sample size) . 

3. Calculate the ascending cumulative errors for  each 
sample. This is usually done by a rough histogram using the 
tally count ( 1 fo r  each sample number that has errors. 
The base (XI  line includes samples with no error. 

sample. By using the total error count +1, all points may be 
included in the plot with negligible error in relation to the 
total sample number as it relates to the total population 
universe. 

possible error counts over its range. 

2. Tabulate the number of errors reported by the computer 

4. Calculate the cumulative probability of error for each 

5. Plot the cumulative probability versus all the 

of 

1. 

2. 

3. 

4. 

Ex amp1 e: 
Given an error count ( the number of error left after a 

proofreading from a sample containing & errors within the body 
the proofreading material): 

Given the example: 

0 1 2 3 Number of errors in any sample 

20 15 10 5 Total occurrence of the 
number of errors in each 
sample for the work performed 

Calculate the summati on over each number of occurrences: 

1 = 20 + 15 + 10 + 5 -50 = N, number of samples) 

Divide by N+l (i .e., 51) and accumulate cumulative 
probability of occurrence. 

20 / 51 = 0.3922 : cumulative sum is 0.3922 
15 / 51 = 0.2941 : cumulative sum is 0.6863 
10 / 51 = 0.1960 : cumulative sum is 0.8823 
5 / 5 1  = 0.0980 : cumulative sum is 0.9803 

Plot the result on Probability Paper (some Probability 
Papers are scaled as percentages) . 

Note: This is an example only. Ideally there should be a 
minimum of 20 samples. The use of N+l  allows plotting all 
samples with negligible error in relation to the universe. 
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E.4 Test Results. 

There was great v a r i a b i l i t y  i n  both the qua l i t y  and quant i ty 
o f  each ind iv idual  's proofreading results. Much o f  the var ia t ion  
may wel l  be caused by the  short time they were able t o  devote t o  
the tes t i ng  and lack o f  experience w i t h  the method(s1. 

The smaller samples allowed a greater var ia t ion  i n  the 
comparison between the  work of  individuals. However, when a l l  
the  work produced was considered as a s ing le proofreading task, 
the summation regardless of content, the  mode o f  performance, and 
even ind iv idua l  va r ia t i on  showed a remarkable agreement w i t h  
Gumbel's Extreme Value Theory. Figure E-9 shows the overa l l  
ind ica t ion  tha t  proofreading er ro r  fol lows Gumbel's extreme 
p robab i l i t y  d i s t r i b u t i o n  despite the var ia t ion  i n  people, t e s t  
type and test mode. 

A ser ies of precontrol charts were prepared f o r  t h i s  study 
along wi th  the  associated Gumbel charts. The precontrol charts 
are those made whi le accumulating data f o r  "control"  charts. The 
i n i t i a l  cont ro l  charts are the second step a f t e r  ge t t ing  a 
knowledge of  the underlying d is t r ibu t ion ,  and may a t  times be 
used as an a i d  f o r  determining it. It i s  very important t ha t  a 
user determine the d i s t r i b u t i o n  when data i s  delayed or expensive 
t o  get. I+ the d i s t r i b u t i o n  i s  known and p robab i l i t y  paper i s  
avai lab le the  control  chart  may be used t o  get quant i ta t ive data 
about process performance. Figure E-10 shows how the p robab i l i t y  
ax is  of Gumbel p robab i l i t y  paper may be used as a guide t o  get a 
quant i ta t ive scale f o r  a control  chart. The Gumbel p robab i l i t y  
paper shown i n  Figure E-10 was placed diagonally t o  match the 
t o t a l  width of  the v e r t i c a l  ax is  on the precontrol charts tha t  
w i l l  be shown la te r .  For example, the expected average and mode, 
as wel l  as t h e i r  usual control  chart l i m i t s ,  can be estimated. 
The reduced p robab i l i t y  scale was placed on two of  the word-vodem 
charts and the  theoret ica l  Gumbel mean and 3 6 1 i m i t s  were marked 
t o  i l l u s t r a t e  the point  (see Figures 13 and 14a shown l a t e r  i n  
the  tex t ) .  There are a ser ies of in terpretat ions of  control  
charts published tha t  may not be used here because they are f o r  
normal d i s t r i bu t i ons  and are not t rue f o r  the Gumbel extreme 
p robab i l i t y  d is t r ibu t ion .  While both o f  the charts are w i t h i n  
l i m i t s  i t  m u s t  be remembered they are made f r o m  only a few 
samples and as sample s izes increase the  chance of  large values 
increases. It should be remembered that  the steps taken here are 
only prel iminary to t r u e  s t a t i s t i c a l  process contro l  charts. It 
i s  the  author's experience tha t  very few start-ups are i n  
s t a t i s t i c a l  control. Western E lec t r i c  Company (Reference 13) 
authors i n  f a c t  recommend a t  leas t  three periods o f  process 
sampling t o  study the  process capab i l i t y  o f  an ongoing process 
w i t h  a t o t a l  o f  a t  leas t  100 samples and then po in t  out tha t  the 
s t a t i s t i c a l  charts w i l l  probably be out o+ control. They also 
po in t  out t ha t  only a f t e r  many repeat analyses by competent 
engineers w i l l  most processes come under the s t a t i s t i c a l  process 
contro l  t ha t  assures an accurate product a t  the  lowest cost. 
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Precontrol charts of each person's work are included 
primarily as examples. Where there is an obvious departure of an 
individual ' 5  work from Gumbel 's distribution, the precontrol 
charts are examined to see if the departure may be related to the 
sequence of that person's performance. On-line reporting of such 
departure(s1 in the future could aid in isolating and correcting 
the cause of such erratic performance. 

E. 4.1 Word Proof reading 

CI Gumbel probabi 1 i ty graph (Figure E-11) was prepared for 
proofreading words by 4 people. The straight lines for three of 
the 4 had very similar slopes. The fourth person (CI-F04) showed 
a bimodal distribution (in relation to Gumbel 'I distribution). 
The line representing one portion of this person's work was 
essentially parallel to those of the other three. Since the 
remaining straight line portion of this person's work was set by 
only 2 points, special attention was given to the corresponding 
precontrol chart (see Figure E-13b for person A-F04, shown later 
in the text). This chart has no apparent anomalies so the 
bimodal characteristic may be real or occurs by chance alone. 
This type of characteristic will be watched in future work and 
its cause investigated. An on-line summary would be particularly 
useful in this type of investigation. 

Proofreading words by the side to side (STS) method shows 
considerable difference in the slopes of the extreme probability 
curves of the individuals (see Figure E-12). They indicate a 
higher error rate than the VODEM method and a wider deviation. 
One person (3-F08) on the medium density material has a curve 
that would indicate a skewed distribution. The corresponding 
control chart (Figure E-15b) is very erratic with a high initial 
error rate that drops rapidly but does not maintain its low 
level. Again this type o+ performance could be traced better 
with an on-line analysis. 

E. 4.2 Proo+reading Serial Numbers 

Proofreading serial numbers is more difficult. The 
familiarity with words and their spelling is apparently helpful 
in proofreading despite the various methods of teaching reading. 
Each character in a serial number must be read because the 
proofreader has no prior knowledge of a sequence. Errors still 
generally follow the Gumbel distribution. 

Examining the Gumbel chart for proofreading serial numbers 
by VODEM (Figure E-17) shows an increased dispersion of the slope 
of the individual curves f o r  words. One specific individual (5- 
S05) reading a high error density does not follow the Gumbel 
distribution. Examination of the precontrol chart (Figure E-20b) 
again offers no explanation and our manual analysis methods 
uncovered the information too late for effective personal 
interviews. 
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One unplanned experiment was tried. One person (7-S08) was 
given a serial number proofreading repeat trial by the VODEM 
method. In the repeat trial, this person was permitted to repeat 

improvement shown in both the slope of the line on the Gumbel 
paper (Figure E-17) and in the control chart (Figure 19b, 7-S03) 
is apparent. The part played in this result by experience and by 
memory of material is confounded. Further investigation would be 
required to separate the cause of the two effects. 

1 proofreading the same material the following day. The 

Only two people w e r e  able to complete sufficient serial 
number proofreading by the STS method. Both individuals' data 
indicated a high error rate as indicated in Figures E-18, E-21a 
and E-21b. 
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E.5 Numerical A n a l y s i s  of Extreme P r o b a b i l i t y  D a t a  

2.814 
2. 900 
2.9i7 
a. 112 
8 22i 

Graphic  a n a l y s i s  by t h e  use of Gumbel's p r o b a b i l i t y  pape r  is 
u s u a l l y  t h e  method of c h o i c e  when manual a n a l y s i s  must b e  

1 performed. Although t h e r e  is some loss i n  p r e c i s i o n  and accu racy  
t h e  g r a p h i c  method is more e f f i c i e n t  and is s a t i s f a c t o r y  f o r  most 
uses .  Computer a n a l  y s i  s, however, woul d permi t on-1 i n e  
r e p o r t i n g .  The a d d i t i o n a l  costs would i n c l u d e  development of t h e  
computer programs t o  allow t r a n s m i s s i o n  of t h e  d a t a  t o  a cent ra l  
console or microcomputer f o r  a n a l y s i s  and mon i to r ing  of work i n  
p r o g r e s s .  

1.14132 .88988 2.148 
1.151R5 .a9810 2.231 
1.160lib . W1RG 2. 304 
1. li467 .91SR9 2.432 
1.18536 .92422 2. 541 

The method would p e r m i t  v e r y  e a r l y  d e t e c t i o n  of d i f f e r i n g  
p r o o f r e a d i n g  r e s u l t s  i n  t i m e  to i n i t i a t e  p s y c h o l o g i c a l  
i n v e s t i g a t i o n  of t h e  test s u b j e c t  f o r  p o s s i b l e  improvement or 
c o r r e c t i o n .  The mathemat ics  f o r  i n c o r p o r a t i o n  i n t o  computer 
programs are found i n  Gurnbel's o r i g i n a l  pape r  (Refe rence  12). 
Some of Gumbel's r e s u l t s  have  been reduced t o  s i m p l e r  e q u a t i o n s  
and s h o r t  t a b l e s .  

0 -  

T a b l e  E-1 h a s  been computed for  t h e  e x p e c t e d  mean yd, Y , / &  
and t h e  e x p e c t e d  s t a n d a r d  d e v i a t i o n  r d  
number of e x t r e m e s  N. 

as  f u n c t i o n s  of t h e  

Number 
of 

extrrma, 
N 

1 

IS 
20 
25 
80 

40 
45 
bo 
60 
70 

80 

100 
150 
200 

230 
MK) 
400 
600 
7bo 

lo00 

a5 

m 

Expected mean 

2 

0. 51284 
.62355 
.ti3086 
.53622 
.M034 

.54362 

.M630 . M851 

.M208 . 5Mi7  

.3561118 

.55860 

.66002 

.56461 

.56515 

. Mi8i8 

.56993 

.57144 

.57240 

.574#) 

.67a77 

klr 

a 

0.88Mi . mi03 
.91969 
.92898 
.W611 

.e4180 . B4644 

.93032 

.95c43 

.96111 

.e6477 . W i i S  

.9i021 . W816 

.98256 

.e8539 

.os738 

.98988 

.e9166 

.99103 

.00529 

V I  .n 

1.020Si 
1.0628 
1.09145 
I. 11238 
1. 12845 

0. i95i4 
.82RG9 
.83100 
.86i32 . ai965 

1.476 
1. 6i2 

a. a28 

a. a13 

8.418 
a. 498 

4.010 

4.219 
4.366 
4. 689 
4. 783 
A 118 
A 856 

1. 19382 
1.20053 
1.2W9 
1.22534 

1.24292 
1.21786 
1.25450 
1.25880 
1.26306 
1.26851 

1.38598 

.93082 

.@3621 . OJOiO . 95.UO 

.96369 

.96910 

.9i295 

.97813 

.OS148 

.98636 

.OB005 

2. 635 
2. i19 
2. i93 
3.08; 
3.29; 

3.461 
a. 596 

4.288 
4.309 

a. 812 
a. 980 

t w  

8 

2. ?I049 

3.238.55 
3.4 1563 
3. 568.16 

3. io126 
3. 81iQi 
3. 92193 
4.102G1 
4.25559 

4.38823 
4.50532 
4.61013 
5.01393 
5. 30082 

5. 5231.5 
1.70544 
5.992iO 
6. 21561 
6. 62071 
6.90825 

3.02022 

T a b l e  E-1 Expected mean y and expec ted  s t a n d a r d  d e v i a t i o n  
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I 

~ 

1 manual cal cul ati on. 

By using the table, calculation of the expected Extreme 
Probability regression line is readily accomplished. Table E-2 
gives an example of the way in which it would be set up for 

Interpolation between the vabtes given in Table E-1 is 

I graphic interpolation can be made from a figure in Gumbel's 
practical. 

paper. Equations dl50 given are: 
A 

The interpolations of y,,t and a are linear and a 

A J 

Equations f o r  the calculation of the probabilities of 
are also given: 

Additional calculations are defined in Table E-3. 
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B. Reduced mtiafe y 

r( i  +a ev 
0 i =O 

-0.57722 3-0 

-0.366S1 T=O 

1.28255 1 

-1.29857 . - 0  

2715 3 

1 I 

-w 0 *((r . 1 

0.73084 

0.02597 

0. B7sO 

0.68269 

0. 95450 

0.09730 
- 

Table E-3 Extreme Value Calculations and Comparison with the 
N o r m a l  Variate 
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F r o m  the table, the meaning of the f i r s t  three boxes A, E, 
and C are clear. The f i r s t  three l ines  of  box D show the 
p r o b a b i l i t i e s  of *<, *26, and about the mode. The l a s t  
two l i n e s  (Section D) g ive the reduced var iates of  y, fo r  which 
the  p robab i l i t y  (P) i s  represented by the area under the extreme 
value frequency d i s t r i b u t i o n  function 5 (y) bounded by the 
symmetric i n t e r v a l  which has the same value as tha t  f o r  the 
normal curve corresponding t o  % r a n d  5 2c . The l a s t  box E 
shows the re la t ionship between the important character is t ics  of 
the o r i g i n a l  var ia te  x and the reduced var ia te  y f o r  the  
asymptotic d i s t r i bu t i on -  

The expected mean and standard deviat ion of reduced extreme 
values have already been calculated f o r  N between 20 and 100 and 
are presented i n  Table E-4. T h i s  table i s  extremely valuable f o r  
manual or  computer calculat ion of control charts. 

l3prcfrd M(U and riendard droiotion, of reduced alremer 
= 
N 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

80 
31 

a4 

- 

a2 
a3 

as 
a6 
a7 

ao 
88 

40 
41 
42 

U 

46 
46 
47 
48 
40 

48 

0.5236 
.5252 
.5268 
.5282 
.529G 

.5309 

.5320 

.5332 

.5313 

.5353 

.5362 

.5351 

.5380 

.5388 

.5396 

.M03 . SI10 

.M18 

.M24 

.SI30 

.543G . M I 2  
,3148 
.M53 
.M58 

. M a  

.M68 
,5473 
.M77 
.M81  

.N 

l.OG28 
LOG95 
1.0553 
1.0812 
1.0865 

1.0915 
1.09Gl 
1.1004 
1. 1047 
1.1086 

1.1121 
1.1159 
1.1193 
1.1226 
1.1255 

1.1285 
1.1313 
1.1339 
1.1363 
1.1388 

1.1413 
1.1436 
1.1458 
1.1480 
1.1490 

1.1519 
1.1538 
1.1557 
1. 1574 
1.1690 

- - 
N 

50 
51 
52 
13 
M 
55 
56 
57 
58 
59 

0 
62 
64 
66 
68 

70 
72 
i 4  
76 
78 

80 
82 
04 
86 
88 

Qo 
93 
04 
Q6 
921 

100 

- 

- 

0.5485 
.5489 
.ti493 
.519i 
.5501 

.5501 

.5508 

.5511 

. S S l S  

.SSl8 

. .5521 
.5525 
.5533 
.5538 
.5M3 

.5518 

.5552 

.!is57 

.556l 

.SSm 

.5569 

.5572 

. M i 6  

.65W 

.5583 

.6586 

.5589 - .bSBz 
,5595 
.5598 
,3600 

1.16Oi 
1.1623 
1.1638 
1. 1653 
1. 1667 

1.1681 
1.1096 
1.1508 
1. 1i21 
1.1534 

1.1745 
1. 1iiO 
1.1593 
1. le14 
1.1834 

1. 1854 
1. 18i3 
1.1890 
1.1WG 
1. 1923 

1.1938 
1.1953 
1.1967 
1.1980 
1. lQQ4 

1.2007 
1.2020 
1.2032 
1.2014 
1.2035 
1. 2063 

Table E-4 Expected Means and Standard Deviation of Reduced 
Extreme 

I 
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E.6 Conclusions 

The most valuable contribution of statistical evaluation in 
I this program is the discovery of the fact that, by at least two 

modes of proofreading and two groups of subjects, errors in 
proofreading follow Gumbel ' 5  extreme value theory. The error  
distribution of all methods may follow the 'same distribution. 
This discovery makes the use of statistical control charts 
possible both manually and by computer on-line. Secondly, it 
also demonstrates the need for some training in order to perform 
proofreading satisfactorily by any method. Finally with 
computer-aided proofreading methods, particularly with on-line 
computerized analysis, an objective means of measuring and 
obtaining the required accuracy for communication between 
networked computers and between data entry terminals and 
centralized data bases is now possible. Another possible 
application would be the objective selection of personnel for 
accurate and economical proofreading. 
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I Section F 

I HUMAN ERROR MODEL 

F.l The Error  Decay Theory 

L e t  u s  consider t h e  i d e a l i z a t i o n  of the experiments reported i n  t h e  previous 
sections, somewhat l i k e  a ''thought" experiment. 
of an observer f a r  removed from t h e  s i te  so t h a t  h e  is unable t o  observe any of t he  
psychological, b io logica l ,  and motor mechanisms t h a t  t he  subjec t  uses  t o  perform 
t h e  detection, ind ica t ion ,  and cor rec t ion  processes of t h e  proofreading experiments. 
!Ee i~ fny?n_t inn zvzilahle t o  the ahserver include t h e  PDP(1) and PDP(2) l i n e s  
shown i n  Figure C-1. 

We describe t h e  experiment i n  terms 

H e  is  ab le  t o  determine t h e  state of each PDP pa i r :  

o 
o 

S t a t e  I - an e r r o r  i n  PDP(2) 
S t a t e  11- no e r r o r  i n  the  PDP p a i r  

Occasionally a t r a n s i t i o n  w i l l  occur i n  a PDP p a i r  of characters:  
PDP p a i r  i n  S t a t e  I is (somehow) corrected and becomes e r ror - less  and the  PDP p a i r  
of charac te rs  are i n  S t a t e  11. Thus, i n  the t r a n s i t i o n  process e r r o r s  become 
non-errors. By measuring some " t i m e "  parameter, t he  observer could describe t h i s  
process as an exponential decay process, somewhat similar t o  t h e  theory of radio- 
active decay of atoms. 

an e r r o r  i n  a 

The decay of e r r o r s  i n t o  non-errors i s  an e r r o r  decay process. 

We tu rn  now t o  the  formulation of an Error Decay Theory using the  r e s u l t s  
Decay can only of t h e  "thought" experiment. 

occur when t h e  opera tor ' s  v i s u a l  f i e l d  passes over it. 
proofreading exposure time window, A t .  
proportional t o  t h i s  imaging t i m e :  

Consider a s ingle  charac te r  e r ro r .  1 
This time i n t e r v a l  is  t h e  

The p robab i l i t y  of e r r o r  decay is  assumed 

, where )r is  the  decay constant. 

The p robab i l i t y  t h a t  t h e  e r r o r  does not  decay is: 

1 -  'decay = I - A A ~  
I f  t h e  e r r o r  survives t h i s  time i n t e r v a l  i n  the  f i r s t  proofreading cycle, i t  w i l l  
not have a chance t o  decay u n t i l  t h e  second proofreading cycle, q=2, when t h e  
proofreading window passes over it again. The p robab i l i t y  t h a t  it does not decay 
i n  t h e  second proofreading cycle, q=2, is a lso  (1 -AAt).  The p robab i l i t y  t h a t  
t h e  e r r o r  surv ives  q=l and q=2 is: 

( l - A k b t ) ( I - A A k )  = CI-AA*)Z 
For q such proofreading cycles, t he  probabi l i ty  of surv iva l  is 

I f  t h e  t o t a l  imaging t i m e  per e r r o r  is t* = q a t ,  t he  probabi l i ty  of surv iva l  is: 

1 ( I - A x *I%) 
where t h e  a s t e r i s k  is  t o  remind the reader t h a t  t* is not a continuous t i m e  record, 
bu t  t h e  sum of t h e  4 t 's Over the  proofreading cycles. 
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1 Having made t h e  po in t  t h a t  t is  not  a continuous time record, we drop t h e  a s t e r i s k  
from the  notation. 
time of t is  t h e  l i m i t  of t h e  above expression as t h e  number of cyc le s  q becomes 

The p robab i l i t y  t h a t  the  one e r r o r  surv ives  a f t e r  t h e  imaging 

The above r e s u l t  f o r  s i n g l e  e r r o r  decay can be generalized t o  a l a r g e  number of 
e r ro r s .  
e r r o r s  remaining a t  imaging time t is: 

I f  i n i t i a l l y  the re  are a l a r g e  number of e r r o r s ,  No, t h e  f r a c t i o n  of 

F.1.2 Measurable Parameters 

I n  t h e  development above t h e  imaging t i m e  t is  not measurable f o r  t h e  
experiments of t he  Phase I study. 
is TZ, t he  proofreading time f o r  l i n e s  without e r r o r ,  which i s  measured i n  the  
experiments. The f r a c t i o n  of e r r o r s  remaining is a l s o  measured as C, which is 
t h e  percent r e s i d u a l  charac te r  e r ro r .  
constant . 
F.1.3 Experimental Evidence f o r  the Error Decay Model 

However, an approximation t o  the  imaging t i m e  

This allows t h e  determination of t he  decay 

The complete development of t he  Error Decay Model i s  a t a s k  f o r  t he  Phase 
I1 study. 
and a l l  four  sub jec t s  from Study B of the  current con t r ac t  showed some evidence 
t h a t  t he  proofreading experiments exh ib i t  e r ror  decay c h a r a c t e r i s t i c s .  
ind iv idua ls  t h e  same proofreading f i l e  (same e r r o r  density) was continued over two 
test sessions.  For the  handicapped individual, a word f i l e  a t  VODEM conditions a t  
the  middle e r r o r  dens i ty  was used. For t h e  sub jec t s  from Study B, t he  f i l e  was 
S e r i a l  TO3 a t  t h e  VODEM condition. Figure F-1 shows t h a t  t he  second test  sess ion  
f o r  each ind iv idua l  gave a f a s t e r  T proofreading time and a higher e r r o r  rate. 
(The upside-down t r i a n g l e  w a s  f o r  the  handicapped indiv idua l  and t h e  o ther  
symbols follow t h e  no ta t ion  of Table D-1.) 

However, one subjec t  from the  previous study of handicapped indiv idua ls  

For these  

The Er ro r  Decay Model, when s u f f i c i e n t l y  va l ida t ed  i n  Phase 11, would 

decay constant would assume d i f f e r e n t  values, 
There is a l s o  the  

provide a very valuable means of describing human e r r o r  f o r  proofreading tasks.  
It would be  expected t h a t  t he  
depending on t h e  d i f f i c u l t y  of the  proofreading material. 
p o s s i b i l i t y  that t h e  imaging time can be ind i r ec t ly  cont ro l led  through cont ro l  
of d isp lay  parameters a t  a work s t a t i o n .  

\ 
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- - - -  Figure F-1. Evidence for Error Decay Behavior 
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1 F 2 Auxiliary Observations 

The error extraction data reported here represents tens of 
thousands of perceptual and motor events. The basic behavioral 
data, recordings of key strokes in controlled stimulus and procedural 
contexts, number in the thousands. The analysis reported above of 
the error correcting incidents gives a very fine-grained depiction of 
the detection and overlooking of textual mismatches, fairly precisely 
located in time. The theoretical framework, which utilizes both rate 
statistics and direct estimates of the A parameter, turns out to have 
pr~vided 1 sersitive method of sum-maridng changes in the cognitive 
error detection processes. 

These quantitative, behavioral observations give us information 
that the participants themselves may be unaware of, on their 
response to differing error densities and conditions of presentation, 
etc. All the same, the precise behavioral techniques do not tell us all 
that is going on in the situation. People may be applying strategies 
of error detection, feeling one way or another about the task, and 
having thoughts about matters both relevant to the assigned tasks 
and to other aspects of the situation that they are in. 

To gain clues about the feelings and cognitive strategies of the 
participants, auxiliary information was sought. Participants rated 
the proofreading sessions according to ease or u!?Yficdry and how 
thhg they were, on 5 inch continuous horizontal line scales, 
anchored at the endpoints and at the center, "medium' or 'average" 
point. In addition, post-participation discussions were held 
individually with several persons from Study A, and with the 
participants in Study B as a group. 

&thgs of taj;bj. On the average, the proofreading tasks were 
rated as fairly easy. Means for detecting errors in Random Words, 
under various conditions, were a little less than 1 on a scale of 5, 
where 0 would be maximally easy. (Clearly, the tasks were not so 
easy as some participants thought, or at least indicated on the rating 
scales.) 

For Vodem presentation of Serial Numbers, the low error 
density condition was rated in the sample of Study B as very 
slightly easier than the middle density condition (1.36 vs. 1.52, not 
statistically significant). The same trend was observed in Study A 
(1.32 vs. 1.85, but with different sets of subjects). Study B found the 
STS condition less easy in the low density condition (mean = 2.221, as 
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1 would be expected, but about as easy as the Vodem presentation of 
middle density error material. 

Tasks overall were rated as moderately tiring, in the 1 to 2.5 
area on a scale of 0 to 5, where 0 would be maximally tiring. One 
might expect that STS would in general be rated as more tiring than 
Vodem presentation. Sometimes it was and sometimes it wasn’t. 
The most comparable data, from Study B, indicated that at medium 
error density, subjects found Vodem presentation a little more tiring 
than STS (1.69 vs. 2.29). A t  low error densities, STS was rated as 

Because of small sample size, and the multiple meanings that 
rating scale labels sometimes have for study participants, these 
statistics should be interpreted cautiously. 

more t b k g  (2.42 w. !.sa. 

Some individual patterns in rating the tasks may be noted. 
Perhaps coincidentally, the single best performers in Study A and 
Study B had similar and distinctive rating patterns. They rated the 
tasks as moderately easy but as much less tiring than did most 
other participants. Two or three participants in Study A made clear 
by their comments that they found the tasks aversive (especially 
Serial Numbers). They characteristically rated the sessions as 
maximally tiring but also as maximally easy. Interestingly, 
performance of these subjects varied from what seemed to be 
rushed carelessness to thorough and slow extraction of almost every 
error. 

&sm@xlbns of proofread& p r m .  Discussion by participants 
of their view of the process revealed much qualitative information, 
which will not be reported in detail here. Unfortunately, it was not 
possible to discuss the subjective side of the process with the 
participants from Study A who had most experience in side-to-side 
proofreading as parts of their jobs, owing to time constraints. We 
are especially curious to do so, since some of the more experienced 
persons had performance patterns that departed from 
straightforward predictions. (An analysis of individual protocols, 
comparing each predicted relationship between pairs of sessions, 
showed that all the reversals of the prediction that STS would be 
less effective than Vodem presentation came from participants with 
extensive work experience in proofreading, much of which was 
probably in side-to-side mode.) 

1 Participants in Study B volunteered several individual 
strategies, including -scanning between the lines” rather than doing 
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1 up-down comparisons in Vodem mode; or using ABBA patterns of 
comparison in STS mode rather than back-and-forth ABAB patterns. 
Many of their comments reflect processes that are understood well, 
such as the 'chunking" or grouping of letters and numbers into 
small sequences. 

Stretches of text with few discernible errors were regarded as 
difficult to deal with (no matter what ratings were given them). 
The lines 'ran together'. 

Participants differed in strategies for dealinn with high error 
densities. Some said they were careyful to rescan k e s  afterktching 
one error; others moved on. Several mentioned what are discussed 
as 'betting" phenomena in the psychological literature: either 
anticipating errors when none had been detected recently; or 
conversely betting that if an error were found, another would be 
close by. 

I t  was difficult to relate the various comments to actual 
performance level (really a comparative matter between individuals), 
but the discussion taken as a whole did suggest that the error 
detection process w a s  not entirely a passive program for these 
individuals. The qualitative information obtained from these 
discussions should be useful in the future, in coming to identify 
individual styles, so that effective feedback can be given to help 
adjust error rates. 
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Section G 

CONCLUSIONS 

This Phase I study has  demonstrated through experiments with clerical 
volunteers and paid sub jec t s  t h a t  t h e  VODEM Technology can provide s i g n i f i c a n t  
ga ins  in d a t a  accuracy f o r  manual da t a  entry tasks.  

A Human Error Model has  been developed, using the  exponential  decay theory 
With f u r t h e r  development i n  Phase I1 t o  descr ibe  e r r o r  rates during proofreading. 

the two-parameter theory of decay constant and imaging time should permit t h e  
determination of e r r o r  rates. 

The d iagnos t ic  computerized procedures t o  evaluate personnel have been 
developed as input  t o  both the  experimental program and t h e  s ta t is t ical  evaluation. 

The most valuable cont r ibu t ion  of s t a t i s t i c a l  evaluation i n  t h i s  study w a s  
t he  demonstration t h a t  e r r o r s  i n  proofreading follow Gumbel's extreme value theory. 
This allows t h e  development of statist ical  control cha r t s  t o  con t ro l  t a s k  accuracy. 

With t h e  successful completion of Phase I, it  has  been demonstrated t h a t  
techniques have been developed i n  e r r o r  decay theory and s ta t i s t ica l  ana lys i s  t o  
allow an ob jec t ive  means of measuring and obtaining the  required da ta  accuracy 
f o r  communication between networked computers and 
cen t r a l i zed  d a t a  bases. 

between da ta  en t ry  terminals and 
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